Metabolic engineering of rice with soybean isoflavone synthase for promoting nodulation gene expression in rhizobia.
Isoflavonoids are derived from a flavonone intermediate, naringenin, that is ubiquitously present in plants, and play a critical role in plant development and defence response. Isoflavonoids secreted by the legumes also play an important role in promoting the formation of nitrogen-fixing nodules by symbiotic rhizobia. In these plants, the key enzyme that redirects phenylpropanoid pathway intermediates from flavonoids to isoflavonoids is the cytochrome P450 mono-oxygenase, isoflavone synthase. In an effort to develop a rice variety possessing the ability to induce nodulation (nod) genes in rhizobia, the IFS gene from soybean was incorporated into rice (Oryza sativa L. cv. Murasaki R86) under the control of the 35S promoter. The presence of IFS in transgenic rice was confirmed by PCR and Southern blot analysis. Analyses of the 35S-IFS transgenic lines demonstrated that the expression of the IFS gene led to the production of the isoflavone genistein in rice tissues. These results showed that the soybean IFS gene-expressed enzyme is active in the R86 rice plant, and that the naringenin intermediate of the anthocyanin pathway is available as a substrate for the introduced foreign enzyme. The genistein produced in rice cells was present in a glycoside form, indicating that endogenous glycosyltransferases were capable of recognizing genistein as a substrate. Studies with rhizobia demonstrated that the expression of isoflavone synthase confers rice plants with the ability to produce flavonoids that are able to induce nod gene expression, albeit to varied degrees, in different rhizobia.